TABLE OF CONTENTS

LIST OF EXHIBIT S, bbb bbb s s bsasassssssssssssssssssssssssnsnnnnns XXVI
ACKNOWLEDGEMENTS.....ouutiiiiiiiiiiiiiiiiiiiirasasssassassssssssasssssaaaa..———————————————————————————...—. XXXII
g o 8 XXXV
LIST OF ACRONY M S ...ttt s s e s s e e bbb s e e s s e e s sbbba s e e eaeas XXXV
INTRODUGCTION....uuiiiuiiiiiiiiiiiiiiiirieeeriireieereree i .....—.———————————————————————..—.............—————. CHAPTER 1
1.1 BACKGIOUNG......ooiiieieiiiie ettt e et e bt e s bae e e ssb e e e snbe e e nnbeeesnneeesnneeens 1-1
1.2 Purpose and Scope Of thiS DOCUMENL. ..........ceiiiiieiiieesiieieesiee et siiee e e s e e snee e 1-2
I g 0= 0[S0 N U0 ([ o =R 1-3
1.4 THE NRDA PrOCESS......uuuuiuuuuiiuiiitiiiiisiiisiissssssassiae.....—.———————————.—.......—............—.................——— 1-3
1.4.1 PreasSeSSMENE PhaSE..... ... bbb aaasbssaassssasssasssssssssssnnes 1-3
1.4.2 Restoration Planning PhaSe............oooiiiiiii e 1-3
1.4.2.1 INJUPY ASSESSITIENE . ...ceitiieeiiieeeiteeesteeesieeesbeeeaseeessseeesasseeesssesassseesssseesanseeeanseessnseneas 1-5
1.4.2.2 RESIOration SEECHION. ... ..uuuuiiiiiiiiiiii bbb ba b baasasssssassssasssassssssnes 1-5
1.4.3 Restoration Implementation PhaSe.............cooiiiiiiiiiniieeceee e 1-7
1.5 Basic TErmMS and DEFINITION ......uuuueiiiiiiiiiiiiii bbb abaab s aaassasaasssssssssssssssssssssnns 1-7
TR R =725 1] T R 1-10
1.5.2 D@IMAGES .....eeeeiueteiee et e ettt e e ettt e e e e et e e e e e et e e e e e e e atee e e e e aasee e e e e e anee e e e e annnr e e e e annn e e e e e annneeas 1-10
ST T 1 01U YRR 1-10
1.5.4 NAUIal RESOUICES.......uuuuiuiiiiiiiiiiiiiiiiiiiiiiiissasasssasaaaaaasasaaaaaaaaaaaarasaaasasassssssssssssssssssssnnns 1-10
TR T T O | TR 1-10
1.5.6 RECOVENY ..ottt ettt ettt e e et e e e e e ate e e e e e s st e e e e e anseeeeeaannseaeeeannneeas 1-11
L1.5.7 REJPONSE ...ttt e e e e e e b e e e e e e e e s s b b e e e e e e e e e e e e nnnrrneeeeeeaaaaas 1-11
TS T = (== (o] = (0] o RN 1-11
1.6 Natural RESOUrCES EVAIUGLEd...........uuueiiiiiiiiiiiiiii s aaaassasssssssssasasanes 1-11
1.7 Possible Restoration Alternatives and ACHIONS...........cccuvvieeeeeeeeeecciireee e e 1-12



TABLE OF CONTENTS (continued)

TECHNICAL FEASIBILITY

OF RESTORATION ACTIONS ... .ottt e e snee e CHAPTER 2
2.1 Overview of the Technical Feasibility ASSESSMENT.........cooiiiiiiiiieie e 2-1
2.2 Technical Feasihility of Primary Restoration by Habitat..............cocoeeiiiieiiiieiiieeee e 2-7
2.2.1 Estuarine and Marine WELIaNGS............c.eeiiuiieiiireiiiie et 2-7
2.2.1.1 SAIMAISNES ...ttt bt e e e re e e nnne e enneas 2-7

1 Oll REIGLEA LITEIBIUIE. ....ccoeeieeiiie ettt st e et e e e e nneeas 2-9

2 NON-0il REBLEA LITEIELUIE. .......eeieeeie ettt 2-10

.3 Technical Feasibility of ReStOration ACHONS..........cocuiiiiiiieiiee e 2-11

3.1 NELUIal RECOVEIY ...ttt sttt e et e e nne e e nnnee s 2-11

A B < o= 0 (] 0 USROS 2-14

3.3 Supplementary Erosion Control StrUCTUIES...........eeeiieeeiiiieeeiiee e esiee e see e 2-17

3.4 Sediment Removal/ReplaCement ..........ooiiiiiiiie e 2-18

3.5 Vegetation CroPPIiNG .....c..eeareeaieeereieesieeesreeesseeesseeeesssseesssseeassseeessseeesnseeesseneas 2-19

3.6 New Saltmarsn CreatioN............cueieiiieeiie et eee e sae e snee s 2-20

3.7 LOW Pressure FIUSNING .....ccooveiiiiieiiie ettt eee e e e 2-22

RS I = Tol g 107 o = 1 o] o FU TP ROURRORI 2-23

2.2.1.2 MaNGrOVE SWBIMIDS. ......eeeeeeeauuireaeaaisseaeeassseaeaaassseeeeaassseaesaassneeesaansseassaassneesasnssness 2-23

1 Oll REIGLEA LITErEIUIE. ....ccueiee ittt e e e e ne e 2-24

2 NON-0il REBLEA LITEIELUIE........eeeeiieeeeiiie et 2-24

.3 Technical Feasibility of ReStOration ACHONS..........ccciviiiieiiiie e 2-24

3.1 NELUIal RECOVEIY ...ttt ettt et e e e s nne e e ennee e 2-24

3.2 REPIANIING ...ttt e b e s ne e e enee e 2-24

3.2.1 Propagule and Seedling PlantingsS ..........ccoiuiiiiiieiiie e 2-27

3.2.2 Y OUNG TTEES ..ottt ettt e ettt e e et e e e e et e e e e ensb e e e e e ennneeeeannnneeas 2-30

3.3 Construction Of ChannElS...........c.uiiiiiiii e 2-32

3.4 LOW Pressure FIUSNING ......ooveiiiiiieiiee ettt snee e 2-32

RN = To g 107 o = 1 o] o FO TR UUSRUPRROPI 2-32



TABLE OF CONTENTS (continued)

2.2.2 Fresnwater WELIANAS ..........ooiiiiecie et 2-33
2.2.2.1 EMErgent WELIANGS ........coiiiiiieiiiie ettt 2-33
1 Oll REIGLEA LITEIEIUIE. ....ccoeeeeeiiie ettt e e e nseeeenes 2-33
2 NON-0il REBLEA LITEIELUIE. .......eeieeeie ettt 2-36
.3 Technical Feasibility of ReStOration ACHONS..........cccuieiiieeiiiee e 2-36
3.1 NEIUIal RECOVEIY ...ttt st e et e e snne e e snnee s 2-36

G £ < = 0 (] 0 PR TROURRI 2-36
3.3 Soil ReMOVAl/REPIGCEMENE ... 2-40

3.4 Vegetation CrOPPING .....c.ueeaiureeaieeeeseeeesteeesreeesseeessseeeassseessssesassseeesnseeesseessnseneas 2-40

3.5 New Wetland Creation .........c..ooieeeiiieiie e 2-40

3.6 LOW Pressure FIUSNING ......coouiieiiiieeiee e 2-41

A = 1To g 01010 F= 4 [o] o H ST 2-41
2.2.2.2 SCrub-Shrub WELIANAS...........eeiieieeie e 2-41
2.2.2.3 Forested WELIANAS...........ooiiiiieie et 2-42
1 Oll REIGLEA LITEIEIUIE. ....cceeeeeiieie ettt e e e e nne e enes 2-42

2 NON-0il REBLEA LITEIELUIE.........eeeiiieeeieee et 2-42

.3 Technical Feasibility of ReStOration ACHONS...........ccueiiiiiriiiie e 2-43
3.1 NELUIal RECOVEIY ...ttt ettt e et e e e e s nne e e e nnee e 2-43

A £ (< o= 0 (] o PRSPPI 2-43

3.3 Forested Wetland Creation ...........ooieeeiiiee et 2-46

3.4 LOW-Pressure FIUSNING ......ccceooiiiiiiiieee e 2-48

RN = Tol g 107 o = 1 o] o FO SRR UURUPRRIPI 2-48
2.2.2.4 BOQS AN TUNOIA. ... .eeiiiiieeiiiieeiiieeeieeesiee st e et e et e e s see e e s ssaeeessseeesnseeesnseeesnneeeas 2-48
1 Oll REIGLEA LITEIEIUIE. ....cceeeeeiiiie ettt e e e e ane e 2-49

2 NON-0il REBLEA LITEIELUIE........eeeeieeieiiiee et 2-49

.3 Technical Feasibility of ReStOration ACHONS..........ccciviiiieeiiie e 2-49
3.1 NELUIal RECOVEIY ...ttt ettt et et e e e s nne e e annea e 2-49

VA = To g 107 o = 1 o] o FO PR UURSPRROPI 2-49
2.2.3 VeQEetaed BEUS.......cooieieeiie ettt et nnnes 2-49
2.2.3.1 MaCroalgal BEAS.........coocuiiiiiiieiiee e 2-50
1 Intertidal Macroalgal BEOS..........oooiiiiiiiiieceeee e 2-50
2 KEIP BEAS ... ae e 2-50
2.1 Oll REEEA LItEIBIUIE........eeiieiieiiie ettt e e e e snne e e nnneeeas 2-50

2.2 NON-0il Related LITEIatUre. ........c.eeeeieieeeiie ettt 2-51

2.3 Technical Feasibility of ReStoration ACLIONS...........cooieieiiieeiiiee e 2-51
2.3.1 NAUral RECOVENY ....couviiiiiiie ettt et e e s e snneeesnneas 2-51

2.3.2 Replace With Transplants...........ooieieiiieiiee e 2-51

PRCRCIAVAC o< v (0] g O do] o] o] oo IR TR 2-55



TABLE OF CONTENTS (continued)

2.2.3.2 SEAQIraSS BEUS.......coiiiiiiiiie e 2-55
1 Oll REIGLEA LITEIEIUIE. ....ccoeeieeeiie ettt e e nneeeenes 2-56
2 NON-0il REBLEA LITEIELUIE. ........eeeiiiieeeiie ettt 2-56
.3 Technical Feasibility of ReStOration ACHONS..........cccueiiiiieiiiee e 2-57

3.1 NELUIal RECOVEIY ...ttt ettt ettt e e e nne e e e nnee e 2-59
3.2 REPIANIING....eeeeieie ettt b e enr e e e s n e e e enee e 2-59

2.2.3.3 Freshwater AQUALIC BEAS.........coouiiiiiiie et 2-61
L NBEUFAl RECOVEIY ..ottt et st e e e e e e e nneeeenes 2-61
A (< o = 0 1] o PRSP 2-61

2.2.4 MOIIUSC (OYSLEr) REEFS... . et e e 2-61

2.2.4.1 Oll ReEIGtE LILEratUre.......coiiiieeiiieeeiie ettt snse e snneeesnnee e 2-62

2.2.4.2 NON-Oil Related LItEralUre. ......cccveeiiieeiiie et 2-62

2.2.4.3 Technical Feasibility of Restoration ACHIONS...........coocveiiiiieiiiie e 2-62
L NBEUFAl RECOVEIY ..ottt ettt et e s e e e e nneeennes 2-65
2 REEF RECONSIIUCTION.......ceiiiiieiiiie ettt sttt e e e e e sna e e s e e e nseeeanes 2-65
3 OYSEE RESEEAING ....eeeiueeiieiiie ettt et et e e e sae e e snae e e snnee e anneeeanes 2-68

2.2.5 COral REEFS ... nneas 2-69

2.25.1 Oll ReEIGE LILEratUre.......coiieeeeiiieeeiie ettt saae e snseeesnnee e 2-70

2.2.5.2 NON-Oil Related LItEralUre. .......cccueiiiiieeiiie e enee e 2-70

2.2.5.3 Technical Feasibility of Restoration ACHIONS...........coocveiiiiiiiiiee e 2-70
1 NBEUFAl RECOVEIY ...ttt ettt et e e e e sne e e e nneeeenes 2-70
.2 Reconstruction of Reef SUDSITALe ...........ooiiiiiiiieee e 2-70
R I Oo] = I I = o] =TSP TROPR 2-72

2.2.6 Estuarine and Marine Intertidal Habitats............cooviiiiiiiiiniieee e 2-73

2.2.6.1 Intertidal ROCKY SNOTE.......cccuiiiiiiiiiie et 2-74
1 Oll REIGLEA LItErEIUIE. .....ceeeeeeiiie ettt ettt e e ne e 2-74
2 NON-0il REBLEA LITEIELUIE.........eeeeeieeiieee et 2-75
.3 Technical Feasibility of ReStOration ACHONS..........ccciiiiiieiiiie e 2-75

3.1 NELUIal RECOVEIY ...ttt ettt et e e e e s nneaeanneeea 2-75
3.2 SANA BIASHING ...eeieiieee ettt ne e nee e 2-75
3.3 SEEAM ClEANING ...eoiiieieiiiie ettt e e e e s b e e snseeesnneeesnneeea 2-78
B4 FIUSNING ettt ettt et et e s e e eab e e nnbe e e eneeeeenneeeanneeaas 2-80
RN = To g 107 o = 1 o] o FO TR UURUPRROPI 2-82



TABLE OF CONTENTS (continued)

2.2.6.2 Intertidal Cobble-Gravel BEaChEs...........c.ooiiiiiiiieiiie e 2-85
1 Ol Related LITEIratUrE. ... .ceee ettt e e e e e e e e e e e e e e 2-85
2 NON-0il REBLEA LITEIELUIE. ........eeeiiiieeeiie ettt 2-86
.3 Technical Feasibility of ReStOration ACHONS..........cccueiiiiieiiiee e 2-86

3.1 NELUIal RECOVEIY ...ttt sttt e e e e nnneeeas 2-86
3.2 FIUSNING ettt sttt e st e e s nne e e eab e e e e nne e e nnneeennneeeas 2-86
3.3 Sediment WashiNg......ccocuieiiieeiie et e e snnee s 2-89
RS o (1007 0 0o 1 €= o o PO RS TRURRRI 2-91
R ST =110 (= 1.0/ o [F= (o) o PSSP PRSPPI 2-93

2.2.6.3 Intertidal SaNd BEACNES ..........ooiiiiiiieie e 2-94
1 Ol Related LITEIratUIE. ... .ceeeiiiieie ettt e e e e e e e e e e e e 2-94
2 NON-0il REBLEA LITEIELUIE. ........eeeeieie et 2-94
.3 Technical Feasibility of ReStOration ACHONS..........cccuieiiiieiiiee e 2-94

3.1 NELUIal RECOVEIY ...ttt ettt e et e e snne e e nnneeeas 2-95
3.2 FIUSNING ittt et e e e se e e nne e e e e nbe e e nnneeennneeeas 2-95
3.3 Sediment WashiNg......ccoouuieiiieeie et e e snnee e 2-95
RS o (1007 0 0o 1 €= o] o PO RSP ROTRURRI 2-95
R ST =110 (= 1.0/ o [F= (o] o AP UEPPPRPRSPPRR 2-95
3.6 INCINEIALION ....uiiiiee i e e e e e e e e e st e e e e e e sasa e e e e enananeeeeaneeeeeans 2-95

2.2.6.4 Intertidal MU FIaLS........cccoiiiiieiieee e e e 2-98
1 Ol Related LITEIratUIE. ... .ceeeiiiieie ettt e e e e e e e e e e e e 2-99
2 NON-0il REBLEA LITEIELUIE. ........eeeiieie e 2-99
.3 Technical Feasibility of ReStOration ACHONS..........oocuiiiiiieiiiee e 2-99

3.1 NELUIal RECOVEIY ...ttt ettt e e snne e e nnneeeas 2-99
3.2 Sediment Removal/Replacement .........coooiiiiiiiiiiee s 2-101
RGN =110 1= 1.0/ o [F= (o) o APPSR PSRRI 2-102
2.2.7 Estuarine and Marine Subtidal Habitats.............ccoovieriiiiiiiieee e 2-102

2.2.7.1 Subtidal ROCK BOLIOMS......c.ueiiiiiiieiiie et 2-102
1 Oll REIGLEA LItEIEIUIE. ....ccueeieeeiee ettt e e e ne e e snnee e 2-103
2 NON-0il REBLEA LItEIELUIE.........eeeieeie e snee e 2-103
.3 Technical Feasibility of ReStOration ACHIONS..........oocuiiiiiieiiiieeree e 2-103

2.2.7.2 Subtidal Cobble-Gravel, Sand, and Silt-Mud Bottoms...........ccccoeceeeiieeniciieesiennne 2-105
1 Oll REIGLEA LITEIEIUIE. ....ccoeiieeiie ettt e s e e e e snnee e 2-105
2 NON-0il REBLEA LITEIELUIE. ... eeeeeie et 2-105
.3 Technical Feasibility of ReStOration ACHONS..........cocuieiiieeiiie e 2-107

3.1 NELUIal RECOVEIY ...ttt e e nne e e nnneas 2-107
3.2 Dredging/Sediment REMOVAE .........cccciiiiiiiiiieeeeee e 2-107
3.3 Sediment Capping/RePIaCEMENT..........oiiiiiieiiie e 2-114



TABLE OF CONTENTS (continued)

2.2.8 Riverine and Lacustring SNOreliNES .........coceiiiiieiiiie e 2-117
2.2.8.1 ROCKY SNOIES......eiiiiiieiiiie ettt ettt e e e e e sane e e snae e e enneas 2-117
1 Ol Related LITEIratUre. ......coeeiieieee ettt e et e e e e e e e snae e e e 2-117

2 NON-0il REBLEA LITEIELUIE.........eeeieiieeieie ettt 2-117
.3 Technical Feasibility of ReStOration ACHIONS.........cocueiiiiieeiiie e 2-118
3.1 NELUIal RECOVEIY ...ttt et et e e e e snneas 2-118

TS 10 o] =S 1 0o PP TRP 2-118

3.3 SEEAM ClEANING ...eeiieiieeiii ettt e e e e e s nne e e snneeesnneas 2-118

3 U ] o RSP PR 2-118

R ST =TT01 = 1.0/ o [F= (o) o AP PEP 2-119
2.2.8.2 CobDle-Gravel SNOIES........cccueiiiiiieiie e 2-119
1 Ol Related LITEIratUIE. ......eee ettt e et e e e ae e e e e nnae e e e 2-119
2 NON-0il REBLEU LITEIELUIE. .......eeieeieie ettt 2-119
.3 Technical Feasibility of ReStOration ACHONS..........cccuiiiiiieiiie e 2-119
2.2.8.3 SANG SNOTES ...ttt ettt ettt e ettt e st e e ssb e e snse e e snbeeesnneeeanneaeas 2-120
1 Ol Relaled LITEIratUrE. ......ceeeiieiee ettt e e e e st e e e e nnae e e e 2-120
2 NON-0il REBLEA LITEIELUIE. .....c.eeeeeieieeeeee e 2-120
.3 Technical Feasibility of ReStOration ACHONS..........cocuieiiieeiiie e 2-120
2.2.8.4 SIIt-MUA SNOTE.....oeiiiiiiiie et e e e e s e e e e er e e e e nanaeeas 2-120
1 Ol Relaled LITEIratUIE. ......cee ettt e et e e e e s e e e e enae e e e 2-121
2 NON-0il REBLEA LITEIELUIE. ......eeiieiiee e 2-121
.3 Technical Feasibility of ReStOration ACHONS..........cccuiiiiiieiiie e 2-121
3.1 NELUIal RECOVEIY ...ttt e e e snne e e enneas 2-121

3.2 Sediment Removal/Replacement.........cooouiiiiiiieniee s 2-121
RGN =110 1= 1.0/ o [F= (o) o APPSR RPN 2-122
2.2.9 RIVENNE BOLOM......oiii ittt e e e e e e e et e e e st e e e e e enreeaeeas 2-122
2.2.9.1 ROCK BOLOMIS......eiiiiiiiiiie ettt e e s e e st e e e e e e e e e ennae e e e e nnnneeas 2-122
2.2.9.2 Cobble-Gravel, Sand, and Silt-Mud BOttOMS..........cccceeiiiiiiiiiiee e, 2-122
1 Ol Related LITEIratUrE. ......cee ettt et e e e e e e e nnaeeeeeas 2-123
2 NON-0il REBLEA LITEIELUIE.........eeeieiie et 2-123
.3 Technical Feasibility of ReStOration ACHIONS..........ooueiiiiieiiiie e 2-124
3.1 NELUIal RECOVEIY ...ttt ettt e e e e snneas 2-124

3.2 Dredging/Sediment REMOVAE ...........ccueiiiiiiiiiieiie e 2-124

ICRCIRS ' o (1007 0 0o 1 €= 1 o o PO PR PR 2-124

Vi



TABLE OF CONTENTS (continued)

2.2.10 LaCUSIIINE BOIIOM......coiiiiiiiiiie ettt e e e e e e snnee e 2-126
2202 10 1 R = (o Tox 1q =11 (0] 1 o TSRS 2-126
2.2.10.2 Cobble-Gravel, Sand, and Silt-Mud BOttOM............ccceiiiiiiiiiieniie e 2-127

1 Oll REIGLEA LITEIEIUIE. ....cceeieeiiie ettt e e e sneeas 2-127

2 NON-0il REBLEA LITEIELUIE. ........eeeeiiee et 2-127

.3 Technical Feasibility of ReStoration ACHONS..........cocueiiiieeiiiie e 2-129

3.1 NELUIal RECOVEIY ...ttt e e e e nnneeeenes 2-129

3.2 Dredging/Sediment REMOVAE .........cocciiiiiiiiiiie e 2-129

CRCIIS o 1107 010 @F= o] o 1o o RS TTRTR 2-129

2.3 Biological Natural ReSOUrce RESIOIaliON ........cooiuuiiiiiiieeiieeeeiee e siee e tee e 2-131
2.3.1 ShEITISN. et e e ae e nea e 2-131
P2 I T PRSPPI 2-132

2.3.2.1 Oll Related LItEratUre.......ccoiuiieiiieeiiee ettt e e snae e e sneeas 2-133

2.3.2.2 NON-Oil Related LItEratUre.........cceviiiieeiiiee e 2-133

2.3.2.3 Technical Feasibility of Restoration ACHIONS...........cooiieiiiieeiiieeeiee e 2-136
L NBEUFAl RECOVEIY ..ottt ettt e et e e s ne e e snneeens 2-136
2 ResStOCKING/REPIBCEMENT ......ooiiie i e e sne e 2-137
.3 Habitat Restoration and Enhancement ..o 2-141
4 Modification of Management PraCtiCeS.........cooiuiiiiiiriiiie e 2-146
.5 Habitat Protection and ACQUISITION .........ccoiuiriiiieiiiie e siee e e seee e 2-146

2.3.3 REPLIES ... e e e ne e 2-146

2.3.3.1 Oll Related LItEratUre.......ccoieeeiiiieeeiie ettt e s e e snneas 2-147

2.3.3.2 NON-Oil Related LItEratUre. ........ccueviiiieiiiiee e 2-147

2.3.3.3 Technical Feasibility of Restoration ACHIONS...........coocieeiiieeiiiie e 2-147
L NBEUFAl RECOVEIY ..ottt e et e e e e mne e e snnee e 2-147
2 ResStoCKING/REPIBCEMENT ..o 2-148
.3 ProteCtion Of NESE SILES.......coiiiiiiiiie e snee e 2-152

P2 I = T o R SPROPR 2-153

2.3.4.1 Ol Related LItEratUre.......ccoieeiiiiieeeiie ettt e e snneas 2-153

2.3.4.2 NON-Oil Related LItEratUre.........cueiiiiieeiiiee e 2-153

2.3.4.3 Technical Feasibility of Restoration ACHIONS...........cooiieiiieeiiiie e 2-153
L NBEUFAl RECOVEIY ..ottt et e e e e e smne e e snnee e 2-153
2 ResStoCKING/REPIBCEMENT ..o 2-154
.3 Habitat Restoration and Enhancement ..o 2-154
4 Modification of Management PraCtiCeS..........ooiuii e 2-158
.5 Habitat Protection and ACQUISITION .........cooiuiriiieriiieesiie e siee e seeee s 2-158

vii



TABLE OF CONTENTS (continued)

2.3.5 MAIMIMEIS. ...ttt et e e bb e e s at e e e ease e e snseeeenbeeeanneeeanes 2-159
2.35.1 Oll Related LItEratUre.......ccoiuieiiiieeiiee ettt e e snneas 2-159
2.3.5.2 NON-Oil Related LItEratUre. ........ccueviiiieiiiiee et 2-159
2.3.5.3 Technical Feasibility of Restoration ACHIONS...........coocieeiiieeiiiie e 2-159

L NBEUFAl RECOVEIY ..ottt e et e e s nne e e snnee e 2-160
2 ResStOCKING/REPIBCEMENT ..ot e e sne e 2-160
.3 Habitat Restoration and EnhanCement ..o 2-160
4 Modification of Management PraCtiCeS..........ooiuiiiiiriiiee i 2-162
.5 Habitat Protection and ACQUISITION .........cooieiriiiiiiiie et seee e 2-162
2.4 RePIaCemMENt ACHIONS......ooiiiiiiiiiie ettt e e e e st e e sase e e snseeesnneeeanneeeas 2-162

2.4.1 Technical Feasihility of Replacement ACHION .........cceeiiiiiiiiie e 2-166
P A o o = G O " 1 o o PR TR 2-166
A S 2 - o I (0] o1 o o PR TR 2-166

2.5 Lega and Regulatory CONSIIAINES. ... ...ooiuieiiieeeiiieesiieeesiee s siiee e seee e tee e sree e sae e saeeesneeeas 2-167

2.5.1 Federal, Lega and Regulatory CONSraiNtS.........coovveeiiieeiiiieesieeesiee e 2-171

2.5.2 State and Local Legal and Regulatory CONSraintS.........coovveeeiierenieeesiee e 2-173

viii



TABLE OF CONTENTS (continued)

EFFECTIVENESSAND SUCCESS. ...ttt CHAPTER 3
G R O Y V1= PR 31
3.2 Habitat Restoration and MItIQatioN............coocuieiiiiiiiiie e 35
3.2.1 Estuarine and Marine WELIaNGS............c.eeiiuireiiiieeiiiee e 3-5
A S 110 == RSP OPRR 3-5

.1 Case Studies of Qiling in Saltmarsh HabItalS...........c.cooieiiiiiiie e 35

1.1 Chryss P. GoulandriS DISCharge. .......c.uueuuereiiieeeiiiee st 35

1.2 Torrey Canyon DISCNAIQE. ......c.ueueiueriiiieeeieeesiteeesiee et e sitee e siaee e ssae e sase e e snneeesnneeens 3-6

1.3 The West FAMOUth DISCharge.........ccooueiiiiiieiiee e 3-7

1.4 BuzzardS Bay DISCharQe.........ccueeeiieiiiieieiieie st sieee ettt e st e e e snnee e 3-8

1.5 Hackensack Meadowlands DISCharge ........cccooceeeiiieeiiieeeiiee e 39

1.6 AMOCO CadiZ DISCharQge .......ccoueeiiiiieeiiie et 39

1.7 Barge STC-101 DISCharge ......c.coeiueriiiiieeieee ettt 3-10

1.8 Lang FONN DISCharQe.......cueeiiiieeiiieesiee ettt ettt e e e e 311

1.9 Houston Ship Channel DISCharge ........cccoooeeiiiiieeieeee e 3-12

1.10 ESSO Bayway DiSCharge. .......cc.eeiiiiiiiiiieeiiie sttt 3-12

1.11 Cape Fear DISCRAIQE......ccueiiiieeeiie et 3-13

1.12 Galveston Bay PIpeline DISCharge ........coocueeiiiieiiiieeee e 3-13

1.13 Bay Vacherie PIpeline DISCharge .........cooceieiiiieiiiieeee e 3-14

1.14 Fidalgo Bay DiSCNarge........ccccueeeiiiiiiiiie ittt 3-14

1.15 Chronic Qiling: Fawley Marsh, Southhampton Water, U.K. ........ccccooviiiiiiinennnen. 3-15

.2 Experimental Studies of Oiling Saltmarshes...........ccccooieriieiieee e 3-15

2.1 Oil Effects on Saltmarsh Plant Physiological Rates............ccooceviiiieeniieenieecieee 3-16

2.2 Seasonal EffectS Of OIlING.......cooiiiiiieiiie e 3-18

2.3 Effects Of SUCCESSIVE OIlINGS.......eeiiiiieiiiie e 3-19

2.4 Effects of Weathered Ol .........ooueiiiiiieiiieee e 3-19

2.5 Effects of Response and Cleanup Methods ...........coovveviiiiiiiiiinie e 3-20

2.6 Microbiological ResponseS to OiliNg........cueiiieririieeiiiie e 3-22

2.7 Bioremediation EXPErimMENtS.........coiiiiiiie e 3-23



TABLE OF CONTENTS (continued)

.3 Non-oil Satmarsh ReStOration SEUdIES .........ccocuiiiiiieiiee e 3-25
3.1 SAmMon RIver EStuary, OTEQON ........c.ueeiiiieiieeeieieesiieeesiieeestee e sieeeesseeesnseeesneeeenes 3-25
3.2 Muzzi Marsh, Corte Madera, CaliforniaL...........ooceeeiieeiiiieiniie e 3-26
3.3 San Francisco Bay Saltpond NUMbBEr 3.........ooiiiiiiiee e 3-26
3.4 Sweetwater Marsh National Wildlife Refuge California...........ccccoeevieiiienciennnne 3-26
3.5 Pine Creek, CONNECLICUL ........ooiiiieiiiie ettt e e s e 3-27
3.6 Barnldand, CONNECLICUL ...........c.eieiiiiieiiiie et 3-28
3.7 New Jersey MeadoWIaNGS ...........cooiuiieiiiieiiee e 3-28
3.8 Buttermilk SOUNd, GEOIGIA. .......uveeeiiieeiiiieeiieee et riee et e e sneeeenes 3-29
3.9 Galllard Idand, AlADamMaL .........cocuiieiiiie e 3-29
3.10 SOUtWESE PasS, LOUISIANAL.........ceiiuieeiiiieaiiieeesiieeesiieeesiieeesitee e snsee e e snseeesnneeeenes 3-30
3.11 Bolivar PENINSUIG, TEXES......cceiiueieiiiieiiiieeiiieeesitee e siiee e siee e stee s sneee e aee e snseeesnneeeenes 3-30
3.12 ApalachicolaBay, FIOrida...........ccoouiiiiiiiiiiie e 3-31
3.13 Recovery of Higher TrophiC LEVEIS.........cooviiiiiiiie e 3-31
3.14 Recovery of Saltmarsh NUutrient POOIS ...........cooueeiiiiiine e 3-32

4 Saltmarsh Restoration and Recovery: Summary and Conclusions............ccccceevieeenee. 3-33
4.1 RecOmMMENMEd ACLIONS.......coiiiiiiiiieeiie ettt e et e e snb e ssae e e nnnee s 3-33
4.2 Natural RECOVENY TIMES.....coiiiiiiiiieiieeeeiie ettt e e et e e saee e saaee s snsee e snneeesnseeens 3-38
G 1Y/ oo (o] 11 oo [ RRUTRTI 3-38
4.4 Recommendations for FUtUre RESEaICH..........ceeiiiiiiiiiie e 3-39

3.2.1.2 MaNQGrOVE SWEAITIDS .....eeeeieeeiiieeeaaiiteaeaaaieeeaeaasseeaeaaassseaeaasseeeeaasseeaeaassneesaansnneeeans 3-39

1 Case Studies of Oiling in Mangrove SWamPS...........ueeeiirrrieeerieeesieeeseeeeseeeesseeeseeas 3-39
1.1 WtWALEr DISCharQe .....eeeieiiieeiiieeiiie ettt e e e e e e 3-39
1.2 Tarut Bay DiSCNarge........cccueeiiiieiiiieeie ettt 3-40
1.3 Zoe Colocotroni DISCNAIGE .......ccoocuereiiiieiiiie et 3-40
1.4 GarbiSDISCNAITE ....cceiueieeiiieeitie ettt ettt e e eae e e snte e e e nneeeaneeas 341
1.5 S Peter DISCharge.......coo oo 3-42
1.6 Ensenada Honda Jet Fuel DISCharge .........cccooiiiieiiiiiiiee e 3-42
1.7 The Howard Star DISCharQge .......cocveviiiiieiieie e 3-43
1.8 The Peck Sip DISCharge........cccueeiiiiiiiiecieee e 3-44
1.9 Northern Red SEa DISCharge .......cceeeieeiiiiie e 3-44
1.10 The Refineria Panama DISCharge .........ccoocueieiiiiieiiiieeee e 3-45

.2 Experimental Studies of Oiling in Mangrove SWamps...........coovveeereeeenieeesieeeesieeeeseens 3-48

.3 Mangrove Recovery and Restoration: Summary and Conclusions............ccccccccvveeeennee. 3-51
3.1 Restoration of Unoiled Mangrove SWampS...........cooeueeerieeenieeenieeesieeesseeeseeee e 3-51
3.2 Recommended Actions Following Oiling of Mangrove Swamps...........ccccceeevveeenne. 3-56
3.3 Recovery Times Following Oiling of Mangroves............cccceevueeriiieeniiieesieee e 3-57
3.4 Monitoring MangroVe SWAIMPS .......cueeeiieieariieeesiieeesiieeesieeesssseeesseeesseeesseessseessnes 3-58
3.5 Recommendations for FUture RESEarCh...........coooveeiiiee e 3-59



TABLE OF CONTENTS (continued)

3.2.2 Freshwater WELIANAS ..........oooiiiieiee e 3-59
3.2.2.1 RIVENNE WELIANGS.......coiiiiiiiiie et nnnee e 3-60
1 Riverine Emergent WeLlands ............oooiiiieiiieeiiee e 3-60
1.1 Case Studies of Oil Dischargesin Riverine Emergent Wetlands..............ccccecveee... 3-60
1.2 Non-oil Restoration Studies of Riverine Emergent Wetlands .............ccocceeevieennee. 3-62
2 Riverine Scrub-Shrub Wetland ... 3-64
2.1 Case Studies of Oil Discharges in Riverine Scrub-Shrub Wetlands........................ 3-64
2.2 Non-oil Restoration Studies of Riverine Scrub-Shrub Wetlands..............ccceeeeeee. 3-65
.3 Riverine Forested WELIANGS...........cuei i 3-65
3.2.2.2 Palustrine WELIANAS ..........oooiiieiiiie e 3-67
1 Palustrine Emergent WELIandS...........cooiiiieiiiiiieeeee e 3-67
1.1 Non-oil Restoration Studies of Palustrine Emergent Wetlands...............cccoeeeee.e. 3-67
1.2 Praifi@ POtNOIES.......coiiieciie e e e e 3-69
1.3 VEINA POOIS......cooiieieiiieee ettt et e st e e nnae e e nne e 3-70
2 Palustrine Scrub-Shrub WeLlands.............oooeeeiiieieee e 3-70
.3 Palustrine Forested WELIaNGS............cooiiiieiiiieiieeeee e 3-70
3.1 Case Studies of Qil Discharges in Palustrine Forested Wetlands................cccvee.... 3-70
3.2 Non-oil Restoration Studies of Palustrine Forested Wetlands.............ccccocceeeniees 3-70
A BOQS ANA FENS....ciiiiiiiie ettt ettt nne e 3-71
4.1 Arctic and Subarctic Bogs and Fens: Alaska Pipeline Discharges..........cccocveeenneee. 371
4.2 Arctic and Subarctic Bogs and Fens: Experimental Studies............cccoveeeenieeennnen. 3-72
4.3 NON-arctic BogS and FENS .......oooiiiiiiiie e 3-75
3.2.2.3 Freshwater Wetlands Recovery and Restoration: Summary and Conclusions.......... 3-75
1 ReCOMMENAEA ACLIONS.......eeiiiiiieeiiie ettt e e e e enneeeenes 3-75
1.1 Cleanup Actions Following Qiling of Freshwater Emergent, Scrub-Shrub and
Forested WELIANGS..........coooiiiiiie et 3-76
1.2 Restoration Actions Following Oiling of Freshwater Emergent, Scrub-Shrub,
and Forested WELIAaNGS............oeiiiiiee e 3-76
1.3 Restoration Actions Following Oiling of Bogs and Fens............ccccoveiiieeenieenne. 3-80
.2 Recovery Times Following Qiling of Freshwater Wetlands .............ccccoveeeiiieenieenne 3-83
3.3 Monitoring of Freshwater Wetlands..............ccoeiiiiiiiieiiiieeee e 3-83
3.4 Recommendations for FUtUre RESBaICh............covueiiiiiie i 3-84
3.2.3 VEQEIAOU BEUS......cooiieieiieie ettt e e e e 3-84
3.2.3.1 Macroagal Beds (Estuarine and Maring) ...........ccceeeeieeeiieeeiiieeesiieesiee s 3-84
1 Intertidal Macroalgal BEOS..........cooiiiiiiiieie e 3-84
2 KEIP BEAS ... e ae e e 3-85
2.1 Oil Discharge Effects on KElPp BEAS.........cooiiiiiiiiiiiciieeee e 3-85
2.2 Restoration Of KEIP BEAS........coouiiiiiiieiiee et 3-86
2.3 Kelp Bed Restoration and Recovery: Summary and Conclusions..............cccecuvee... 3-88

Xi



TABLE OF CONTENTS (continued)

3.2.3.2 SEAQIaSS BEUS.......coiiiiiciiie e 3-89
.1 Oil Discharge Effects on Seagrass BEAS .........cccceeiiiiiiiiiii i 3-90
1.1 Temperate and SubarctiC Seagrass BEAS..........cccveiiiieriiie i 3-90
1.2 Tropical and Subtropical Seagrass BEUS...........ccuveiiieeriiee i 3-92
.2 Restoration Of SeagrasS BEAS ...........eiiiiiiiiiii et 3-95
2.1 Location for Seagrass RESIOratioN ..........c.ueiiueieiiieeeieeeiiee e see e seee e 3-95
2.2 Environment for Seagrass RESIOratioN ............coevveeeirieeeiiiee e esiie e 3-96
2.3 Methods for Seagrass RESLOIatioN ..........c.eeeiuiieiiiiee e 3-97
2.4 Recovery Of SeagrasS BEUS...........eeiiiiiiiiiieiiiee e 3-104
.3 Seagrass Restoration and Recovery: Summary and Conclusions.............ccceevveeenneenns 3-105
3.2.3.3 Freshwater Aquatic Beds (Submerged and Floating Vegetation) .........cccccceeeeveen. 3-106
3.2.4 MOIIUSC REEFS.....c.eeeeeie ettt st e e e e snn e e e s nneeeenes 3-107
3.2.4.1 Review Of AvailabDle LItErature............ooiiiiiiiiieiiiie e 3-107
3.2.4.2 Mollusc Reef Restoration and Recovery: Summary and Conclusions.................... 3-110
3.2.5 COral REEFS ... ae e 3-110
3.2.5.1 Review oOf AvailabDle LItErature............oooiiiiiiiieiiiie et 3-110
3.2.5.2 Cora Reef Restoration and Recovery: Summary and Conclusions..............c......... 3-114
3.2.6 Estuarine and Marine Intertidal Habitats...........ccooviiiiiiiiiiicee e 3-115
3.2.6.1 Intertidal ROCKY SNOIES.........oiiiiiieiiiie e 3-116
.1 Case Studies of Qiling of Intertidal ROCKY ShOres.........ccooviiiiiiiiiiieee e 3-117
.2 Experimental Studies on Intertidal ROCKY ShOres..........cceeiiiiiiiiiiiiieeee e 3-119
.3 Intertidal Rocky Shore Restoration and Recovery: Summary and Conclusions.......... 3-120
3.2.6.2 Intertidal Cobble-Gravel BEaChES...........cccoiiiiiiiiiie e 3-121
.1 Case Studies of QOiling of Intertidal Cobble-Gravel Beaches...........cccccoovcveveeiiiinnen. 3-122
.2 Experimental Studies of Intertidal Cobble-Gravel Beaches............cocceeveiiiiieennennns 3-123

.3 Intertidal Cobble-Gravel Beach Restoration and Recovery: Summary and
(000] 070! 11 o] SRR 3-124
3.2.6.3 Intertidal SaNd BEACNES ..........ooiiiiiiiiee e 3-125
.1 Case Histories of Qiling of Intertidal Sand Beaches ............ccccooeiiiiiiniinniieees 3-125
.2 Experimental Studies on Intertidal Sand Beaches...........ccooieeiiiiiiiie s 3-127
.3 Intertidal Sand Beach Restoration and Recovery: Summary and Conclusions............ 3-127
3.2.6.4 Intertidal MU FIa..........cceeiiieiiieie e 3-128
.1 Case Studies of Qiling of Intertidal Mud FIatS ...........coooieiiiiiiiie e 3-128
.2 Experimental Studies on Intertidal Mud Fats............coovieeiiiiiiiiiieeeee e 3-128
.3 Intertidal Mud Fat Restoration and Recovery: Summary and Conclusions................ 3-128
3.2.7 Estuarine and Marine Subtidal Habitats............ccoeiiiiiiiiieee e 3-129

Xii



TABLE OF CONTENTS (continued)

3.2.8 Riverine and Lacustrine (Freshwater) Shorelings..........ccoovceeiiiie e 3-130
3.2.8.1 Case Studies of Qiling of Freshwater Shorelings...........ooccevvieiiiiieniieeceeeeee 3-130
3.2.8.2 Experimental Studies on Freshwater Shorelines...........ooocvvviiiniiiniienceeeeeee 3-131
3.2.8.3 Freshwater Shoreline Restoration and Recovery: Summary and Conclusions........ 3-131

3.2.9 Riverine and Lacustrine (Freshwater) Unvegetated Bottom Habitats.............cccc.e...... 3-131
3.2.9.1 Case Studies of Oil Discharges in Freshwater Unvegetated Bottom Habitats........ 3-131
3.2.9.2 Freshwater Unvegetated Bottom Restoration and Recovery: Summary and

(000 010! 11 o] SRR 3-133
3.2.10 Monitoring of Habitat RECOVENY ......ccuuiiiiiiiiiiie et 3-133
3.3 Biological Natural ReSOUrce RESIOIaliON ........ccocuuiiiiiiieiiieeeeiiieesiee et 3-136

TG RS 1= | 11 o ST 3-136
3.3. 1.1 NEIUral RECOVETY......eeiiiiiieiiiee et ettt sttt et e ssbe e s snse e e s nne e e snneeesnneeens 3-136
3.3.1.2 Management PraCtiCeS.......cccuii ittt e e e snee s 3-136
G I R T O (1] o TR PRROPRRRPIN 3-139
G0 I 0 s o o { o RO PSSRSO 3-140
3.3.1.5 Rehabilitation By Oil REMOVAL.........c.cooiiiiiiiiieiee e 3-148
3.3.1.6 Enhancement through Reconstructed Wetlands...............ccccovuireniiinniiiescieesieenne 3-142
3.3.1L.7 HarVeSt REFUGES ... .eeeeeiie ettt nee s 3-143

T 0 1 o RS USPPPR 3-143
3.3.2.1 NELUral RECOVETY......eeiiiiiieiiiee ettt et e ettt et e st e e st e e snbe e e snseeeanneeeas 3-144
3.3.2.2 Modification of Management PractiCeS..........oouiuirarieeiiiee e 3-148

1 Traditional MEtNOUS.........ouuiiiie e 3-148
2 HAINVESE REFUGIAL......eeeiiiieeie ettt e e e nne e e enree s 3-149
3.3.2.3 SEOCKING .ttt b e enne e e enee s 3-151
.1 Importance of Genetically Distinct Stocks for Restoration.............ccocvevieeriieieennee. 3-152
2 SEOCKING SEIALEJIES ....veeeeiiie ettt ettt sat e et e e snne e e snneeesnneeean 3-152
.3 Assessment of Survival and Reproductive Success of Stocked Species..................... 3-155
4 Stocking as an Enhancement Tool for Maring SPeCIES.........cuevvvieeiiieeeniie e 3-156
3.3.2.4 Habitat Restoration and Replacement .............ooveeiiiiieiiiie e 3-158
.1 Restored Estuarine Wetlands and Intertidal Habitat .............cccoooeeiiiiiniinnniinecees 3-158
.2 Restored Intragravel Spawning Habitat for SAlmonids...........ccooceviiiieiniieenciieecieens 3-161
.3 Restored Spawning HaIta .........cooviiiiiiiiiiie e 3-161
4 Liming to Restore Habitat, Reduce Acidity and Enhance Fish or
Restore Fish POPUIBLIONS............eiiiiiieiiiee et 3-162
.5 Groundwater Additions to Reduce Acidity IN Streams...........cooveviiieeenieeenieeeeieens 3-163
6 Restored Water QUAEITY ........ccoiuiriiiieeiiie ettt e e 3-164
.7 Restored Water Quality after Dam CONSIrUCLION..........ccuveiiuiieiiiie e 3-166

Xiii



TABLE OF CONTENTS (continued)

3.3.2.5 Habitat ENaNCEMENT........cooiiieiiie e
.1 Artificial Reefs (benthic and semi-pelagic fish) and Fish Aggregating
Devices (PElagiC fiSN) ....oooieeee e
2 Artificial Stream SEIUCLUIES ........cooiiii e
.3 Impoundments and Spawning ChannelS............cccooiiiiiiir e
A Dredge SPOil [SaNAS ......cooovieiiie e
5 Structural MOAIfICAHIONS..........ceiiiiii e
6 General Stream ManNagEMENT.........cueiiiiiriiiie et e e e snne e e saee e ennee s
7 Fish Passageway IMProVEMENT .........oooiiiiiiiie ettt e s e snnee s
7.1 Ladders, Hoists, Transport Flumes, Trap and TrucK .........coccceeevieeeniieiniiieeiieenns
7.2 DISCharQgE WS .......cooiieeeeiie ettt e e e s ae e e snne e e snnee e
3.3.2.6 Acquire and Protect HabItal.............cueeiiiiiiiiie e
3.3.2.7 Fish Restoration and Recovery: Summary and Conclusions...........cccccceevcveeeniennns
.1 Summary of Effectiveness and SUCCESS Of ACHIONS..........eeiiieriiieienie e
2 EVAlUBLION OF ACHIONS. ..ottt e e e ne e e snneeens
B.3.3 REPLIES ... re e nne e
TG 0 1 R T | SRR
3.3.3.2 LOQQErNEAOS........eiiiiiieeiee e enee s
3.3.3.3 GrEEN TUIIES ...ttt ettt et e e st e e snne e e snreeeas
B I B o T V1S o | RSP
3.3.3.5 LEANEDACK......ceeiiiiecee e s
G I = 1 o PR RRR
3.3.4.1 Case Studies of Effects of Oil Discharges on Birds...........cccovvvveviineniiiensieeesieenns
3.3.4.2 Direct Restoration ACtioNS fOr BirdS.........coooueiiiiiiiiiie e
3.3.4.3 Enhancement ACtIONSTOr BIrdS .......c.cooiiiiiiiiieeiie e
3.3.4.4 Habitat Replacement and Enhancement for Bird Restoration...............cccceeeenee.
3.3.4.5 Monitoring and Management of Bird POpUIaLioNS.............ccocveeiiiiiiniiieeiieeesieenne
3.3.4.6 Recovery Rates of Bird POPUIBLIONS...........coccuiiiiiieiiiie e
3.3.4.7 Bird Restoration and Recovery: Summary and Conclusions...........ccccceevceeenienn.
GG HL oI V.= 01017 TP
3.3.5.1 Marine MaMIMEIS.......ccoouiiiiiiie ettt e e e saa e e s nne e e snneeeanneeeas
L HAIVESE AIEIELION ...t s e e
.2 Habitat Protection and RESEIVES.........ccuiiiiiiieiiie e
3 RESIOred WELIANGS ........eeeiiiieeiie et e e
R (< [0 1 o] o TR PRTRROTI
.5 Effects of Oil Discharges on Marine Mammal Populations..............cccceeveeiniinenneenns
.6 Rehahilitation of Individual ANIMEIS........coccuiiiiiiieie e

Xiv



TABLE OF CONTENTS (continued)

3.3.5.2 Terrestrial MamImMalS.........coocuiiiiieiiie e nee s 3-218
.1 Case Histories of Oil Discharge Effects on Terrestrial Mammals............ccccovceeennens 3-218

.2 Possible Restoration Alternatives and Actions for Terrestrial Mammals.................... 3-219
3.3.6 Monitoring the Recovery of a Species (Biological RESOUICE) ..........ccceevveeerieeeniennne. 3-219

XV



TABLE OF CONTENTS (continued)

O @ 1] IS TSP CHAPTER 4
A1 OVEIVIEW OF COSES......uuiiiiiiiiiiee ettt e e e e e e e e e et e e e e e st e e e e e aabeeeeesnaeeeeesnnaneas 4-1
4.2 Economic Costs Of RESIOration ACHIONS...........uieiiiieiiiieaieee et seee e 4-2
4.2.1 Estuarine and Marine WeLlands............ocueeiiiiiiiiiiiieecee e 4-2
A.2.1.1 SAMAISN .. e e e a e e e e a e e e e e araaeaaaas 4-2

1 Ol RElaled LITEIratUIE. ......eeeiicieeee ettt et e e e e e nae e e e e ennes 4-3

2 NON-Oil Related LItEratUre..........cocoiiiiiieiiiiiie ettt e e e 4-3

.3 COStS Of RESIOratioN ACLIONS. .....cciiueieiiiieeeieeestie e et e sttt et e e e snee e s snae e e snneeeaneeas 4-3

3.1 NELUIAl RECOVEIY ...ttt ettt e st sne e e snne e e nnneeeenes 4-3

A o< o= 0 (] o USRS 4-4

3.3 Supplementary Erosion Control StrUCTUIES...........eeeiueieiiiieeeiee e 4-9

3.4 Sediment Removal/ReplaCement ..........oooiiiiiiie e 4-10

3.5 Vegetation CrOPPING ......cuveeauieeeiiieestieesteeesieeesteeeseeeessrteessseeeessseeessneeessseeesnseeeas 4-10

3.6 New Saltmarsn CreatioN............cueieiiieeiiie et eee e e snee s 4-11

3.7 LOW Pressure FIUSNING .....ccooveiiiiieiiie ettt eee e e e 4-14

RS =110 1= 1.0/ o [F= (o) o RSP REPPPRPRPSPRI 4-14
4.2.1.2 MaANGIOVE SWEAITID ...ceeiiuiieieeaaiteeeeeaaiseeesaasseeeesasseeeeaassseeaeaasseeeeaansneeesaanssneesassneess 4-14

1 Ol Related LITEIratUIE. ... .ceeeeiieiie ettt et e e et e e e e e e e e e 4-14

2 NON-Oil Related LItErature.........cccoiiiiiie et e e 4-15

.3 COStS Of RESIOratioN ACLIONS. .....ccciuuiiiiiieeeiieeeieeeetee ettt e e e e e e e sae e e snseeeenes 4-15

3.1 NELUIal RECOVEIY ...ttt st e et e e e e nnneeeas 4-15

A £ (< o= 0 (] 0 U TRURRPRI 4-15

A R o 0] 7='o U] (=R PR 4-15

TS < < o 1o T RSP PR 4-17

3.2.3 YOUNG MANGIOVE TTEES......ceeiiiiiieeieiiee ettt e et e e e e e e esnne e e e e snnneeas 4-18

3.3 Construction of Channels for FIUSNING ..........ceooiiiiiiiie e 4-19

3.4 LOW Pressure FIUSNING .....ccooveiiiiieiiee ettt e s e 4-19

XVi



TABLE OF CONTENTS (continued)

4.2.2 Freshwater WELIANGS .......cooueieiiiie e 4-20
4.2.2.1 Emergent Freshwater WELIandS ............oooiiiiiiie i 4-20
1 Oll REIGLEA LITEIEIUIE. .....coeeieeeiie ettt e e nae e e nseeeenes 4-20
2 NON-0il REBLEA LITEIELUIE. ... eie et 4-20
.3 COStS Of RESIOration ACLIONS .....ccccuviiiiiieeiiieeeieeeeiee ettt e e e e snae e nneeeenes 4-21
3.1 NELUIal RECOVEIY ...ttt ettt e et e e e e nnneeeas 4-21

A B (< o = 0 (] 0 PRSI 4-21
3.3 Sediment Removal/ReplaCement ..........ooiiii i 4-24

3.4 VegetatioN CrOPPING .....c.ueeeiereeeieeeesteeesteeesreeesseeeasseeeassseessssesassseeessseeesseessnseneas 4-24

3.5 New Wetland Creation ...........oooiiiiiieeieecee et snee s 4-25

3.6 LOW Pressure FIUSNING ......cooviiiiiiieiieesie et eee e 4-25
4.2.2.2 SCrub-Shrub WELIANd .........oooeiiiie e 4-26
4.2.2.3 FOrested WELIANAS..........c.eeiiiiieie et 4-26
1 Oll REIGIEA LITEIEIUIE. ....cooeeieiiiie ettt e e nee e enes 4-26
2 NON-0il REBLEA LITEIELUIE. ........eieeieie e 4-26
.3 COStS Of RESIOratioN ACLIONS......ccciueieeiiieeiieeeeieeeetie ettt e e e e e snae e e snseeeanes 4-26
3.1 NEIUIal RECOVEIY ...ttt ettt e et e e nnne e e nnnee s 4-26

A B < o = 0 (] 0 TP ROTROURRPTI 4-26

3.3 Forested Wetland Creation ...........cooieieeiieeeeiiee et 4-29
4.2.2.4 BOQS AN FENS......oiiiiiiiiiie ettt e e nea s 4-29
4.2.3 VEGELAOU BEOS........oiiiiieeieie ettt nne e 4-30
4.2.3.1 Macroaga Beds (Estuarine and Maring) ..........ccccceeeiueeiiieeinieeesiee e see e 4-30
1 Intertidal Macroalgal Be...........oooeiiiiiieee e 4-30
2 KEP BEA...ccee e e e e ae e nres 4-30
2.1 Oll REGLE LItEIBIUME........eeieeiieieieeeiee ettt e e e s e e snneeeas 4-30

2.2 NON-0il Related LITEIatUre. .......ccueeeeieie et 4-30

2.3 Cost Of RESIOration ACLIONS.........veiiiiiieiiiiesiiee st e e iee et e e seee e sseeesnneeeas 4-31
2.3.1 NAUral RECOVENY ....couvieiiiiie ettt e e s e snne e snneas 4-31

2.3.2 Replacement With TransplantS .........ccooueeiiiieiiiie e 4-31
2.3.2.1 Artificial GrOWEN CaNErS........coiiiiiiiiiie e 4-31

2.3.2.2 Artificia Growth Centers with Transplant Material ............ccococeiviieeineenn. 4-32

2.3.2.3 Staple Loose Plants to Habitat BOttOM ............coviiiiiiiiiiiiieece e 4-32

PRCRCIAVAC o< v (o] g O do] o] o] oo IR TR 4-34

XVii



TABLE OF CONTENTS (continued)

4.2.3.2 SEQraSS BEUS........ooiiiiiiiie et et e e nnea s 4-34
.1 Oil Discharge Related LItEratUre...........c.eueiiiieiiiee et 4-34
2 NON-0il REIGLEA LITEIAIUNE.......uuvvreeriiiiriiiiriiiirrrirrriirerrrersreree esae.a..—.——————————————————————————. 4-34
.3 CoSt Of RESTOratiON ACHIONS ....vuvvviirriiiriiieriirrrriirrrrreerrrererer.ar..—..——.———————————————————————..———. 4-35

3.1 NELUIal RECOVEIY ...ttt sttt e e e e nnneeeas 4-35

A B (< o= 0 (] 0 PRSPPSO 4-35
4.2.3.3 Freshwater Aquatic Beds (Submerged and Floating Vegetation) ...........ccccceeeveennne 4-38
4.2.4 MOIIUSC (OYSLEN) REES ... 4-38

R N O | R L= P (= o [ (= = (U (= 4-38

4.2.4.2 NON-Oil REGEA LITEIAIUI®........cevevviiieiiiieiiiiiiiieieieeeeeeeeeeeseeeeeeeeeeeeeseeseeseeseessesseeeeseees 4-39

4.2.4.3 Cost Of RESEOIatiON ACLIONS......ccviiiiiieiiieiiiiieiieeeeeeeeeeeeeeeeeeseesssesseeeeeseeeeeererereereeeeeees 4-39
L NBEUFAl RECOVEIY ...ttt a e e e e e snne e e e nneeeenes 4-39
B S s S (o] = o] [ RRRRRRRRT 4-39

2.1 Reef RECONSIIUCTION .......coeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt aees 4-39
2.2 Reseeding Of MOIIUSC REEFS.........eoiiiiiieciie e 4-40
SR Oa 1 = I = (< 4-42

R N O | == P (= o L= = (U (=T 4-42

4.2.5.2 NON-Oil REGEA LItEIaIUI®........ceeveiiieiiiiiiiiiiiiiieieeeeeeeeeeeeeseeeeeeeeeeseeseeseesseseeseseeseeeeeees 4-42

4.2.5.3 COStS Of RESLOratioN ACLIONS......ccviiiiiiiiiiiiiiiieeieieeeeeeeeeeeeeeeeeeeeesseeeeeseeeeeeeeeeeeereeeeeees 4-42
L NBEUFAl RECOVEIY ..ottt ettt ettt e e s nae e e e nseeeanes 4-42
.2 Reef Restoration using Coral Transplants.........ccceeieeeiiieeeiiee e 4-42

4.2.6 Estuarine and Marine INLErtidal ............eeeeeeiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee e ee e ee e e e eeeeeees 4-43

4.2.6.1 ROCKY SNOTE.....ciiiiiiiii ettt sttt et e e snae e e snbeeeenneaeas 4-43
L Ol REIALEA LITErGIUME.....uuvviveriiiiiiieiiiiiiiiiiiirrssrarsssseessrsssreraaaae...a..—————————————————————......———. 4-45
2 NON-0il REIGLEA LITEIAIUNE.......uuvvuerriiiiiiiiriiiiiirirrrireerrrerrrreeeserae —..——————————————————————————————. 4-45
.3 COoSt Of RESTOIatiON ACHIONS ....uvvvuvrriiririiiriiriririrrrrrirrrrsrerrrrr ..——.——.————————————————————.....—.———. 4-45

3.1 NELUIAl RECOVEIY ...ttt ettt et e et e e nse e e e nneaeenes 4-45
G o I =1 =S ] o RSP PRPR 4-45
G IS (== 0 4 O = o PRSP 4-45
G U ] o PR PRRPR 4-46
R T =101 = 01010 [F= (0] o F 4-47

Xviii



TABLE OF CONTENTS (continued)

4.2.6.2 CODDIE-Gravel BEACK........cceviiiiiiiiiiiiiiieieieeeeeeee ettt e e e e eeee e e e eeeeeeeeeeeeeeeeees 4-50
1 Ol REIALEA LITErIUE......uvvvevreiiiiiiiiiiiiiiiiesiireersessssssssssassrasassssar.a..—.——————————————————————.———. 4-51
2 NON-0il REIGLEA LITEIAIUNE.......uuvvreeriiiiriiiiriiiirrrirrriirerrrersreree esae.a..—.——————————————————————————. 4-51
.3 CoSt Of RESTOratiON ACHIONS ....vuvvviirriiiriiieriirrrriirrrrreerrrererer.ar..—..——.———————————————————————..———. 4-51

3.1 NELUIal RECOVEIY ...ttt sttt e e e e nnneeeas 4-51
3.2 FIUSNING ettt sttt e st e e s nne e e eab e e e e nne e e nnneeennneeeas 4-51
3.3 Sediment WashiNg......ccocuieiiieeiie et e e snnee s 4-52
RS o (1007 0 0o 1 €= o o PO RS TRURRRI 4-53
R T =101 (= 11010 [T= (0] o F 4-55

R R IS 0o = <o o [ 4-55
1 Ol REIALEA LITErAIUE......uvvvviriiiiiiiiiiiiiiiiiisiiresrsasrsssesssrsrsresearasas.a....—————————————————————..———. 4-56
2 NON-0il REIGLEA LITEIALUNE.......uuvvveieiiiiriiiiiiiiieriirrsisrerrrerersrrarrrae.a....——————————————————————————. 4-56
.3 COoSt Of RESTOratiON ACHIONS ....vuvvvrirriiiririesiirerriirrsrrrrrrreeererea..——.—.—————————————————————————————. 4-56

3.1 NELUIal RECOVEIY ...ttt ettt e et e e snne e e nnneeeas 4-56
3.2 FIUSNING ittt et e e e se e e nne e e e e nbe e e nnneeennneeeas 4-56
3.3 Sediment WashiNg......ccoouuieiiieeie et e e snnee e 4-57
RS o (1007 0 0o 1 €= o] o PO RSP ROTRURRI 4-57
R T =101 (= 11010 [T= (0] o T 4-58
I L a(e [ = ([0 o 4-58

R X Y/ U (o I = | 4-59
L NBEUFAl RECOVEIY ..ottt ettt st e e s e e e nnee e enes 4-59
2 Sediment Removal/RepIaCamMENt.........ocuii i 4-59
I = 10T = 107= o [F=! ¥ o] 1SRRI 4-62

4.2.7 Estuarine and Marine SUBLIAAL ...........ovvvviiiiiiiiiiiiiiiieeeeeee ettt e e 4-62

VR SV o o = I (0T v = To 1 (0 4-62

4.2.7.2 Subtidal Cobble-Gravel, Sand, and Silt-Mud Bottom............cceevvveeviiieiieeeeeeieeeeeee, 4-62
1 Ol REIALEA LITErGIUME.....uuvvvivviriiiiiiiiiiiiiiiesiirasrsessssseassssrsresaaaasas.a..—.——————————————————————.———. 4-63
2 NON-0il REIGLEA LITEIALUNE.......uuveviieiiiiriiiiriirieriirerirraerrirsserraserae.a..—.——————————————————————————. 4-63
.3 CoSt Of RESTOratiON ACHIONS ....uvvvviieiiiiririrriirirrrirrrrerrrrrarerer.ar..—..———————————————————————————————. 4-63

3.1 NELUIal RECOVEIY ...ttt e st e e e e snnee s 4-63
3.2 Dredging/Sediment REMOVAE ..........occiiiiiiiiiiieeiee et 4-64
ICRCIIS o (107 0 0 @r= o] o 1o o R URORRRPRI 4-66

XiX



TABLE OF CONTENTS (continued)

4.2.8 Riverine and Lacustring SNOrEliNES .........cvvviiiiiiiiiiiiiiieeeeeeeeeeeeeee et eee e eees 4-66
< T T 0 To: G 0] (= 4-66
1 Ol REIALEA LITErGIUE......evvvvvviriiiiiiiiiiiiiiiisiiresssasssareessssrsrerearasar.a..—.——————————————————————————. 4-67
2 NON-0il REIGLEA LITEIALUNE.......uuvvveeeiiiiriiiiriiierrrirriirrarrrarsrereera.a..a....——————————————————————————. 4-67
.3 COoSt Of RESTOratiON ACHIONS ....vuvvvviriiiiriiiiriirrrrirrrrrrrarrrarsrer i ..—..—..—————————————————————.—..———. 4-67
3.1 NEIUIal RECOVEIY ...ttt st e et e e snne e e snnee s 4-67

3.2 SANADIBSLING ...t e e nree s 4-67

3.3 SEEAM ClEANING ...eeeiiiiieiiiie ettt e s e e sae e e s sre e e snseeesnneeeas 4-67

B4 FIUSNING ettt et e e st e e e se e e e nne e e e nte e e nnreeennneeeas 4-68

R T =101 (= 11010 [F= (0] o F 4-68
4.2.8.2 CODDIE-GraVvel SNOTE.......coeiiiiiiiiiiiiiiieiiie ettt e e e e e e e e e e eeeseeeeeeeeeeees 4-68
1 Ol REIALEA LITErAIUE.....uuvvveiveiiiiiiiiiiiiiiiiesiirasriesrssseasssarsreseaaasas.a..————————————————————————.———. 4-69
2 NON-0il REIGLEA LITEIALUNE.......uuvvveieiiiiriiiiiiiiieriirrsisrerrrerersrrarrrae.a....——————————————————————————. 4-69
.3 Cost Of RESTOratioN ACHIONS ....uvvvveviriiiiiiiriirirrisrsrieresrrererseee....—..————————————————————————————. 4-69
3.1 NELUIal RECOVEIY ...ttt sttt et e e snne e e snneeeas 4-69

3.2 FIUSNING ettt e et e st e e et e e e ene e e e e nne e e nnne e e nnneeeas 4-69
3.3 Sediment WashiNg.......cocuiiiiieeiie et e e e snnee s 4-69

RS S o (1007 0 0o 1 €= o] o PO RPN ROURRRI 4-70

R I =101 = 11010 [T= (0] o F 4-70
R IS 00 I 10 (T 4-70
1 Ol REIALEA LITErAIUE......uvvvviriiiiiiiiiiiiiiiiiisiiresrsasrsssesssrsrsresearasas.a....—————————————————————..———. 4-71
2 NON-0il REIGLEA LITEIALUNE.......uuvvveeririiriiiiriiierrrirrrireerrrarsrereearrae.a..—.——————————————————————————. 4-71
.3 CoSt Of RESTOIatiON ACHIONS ....vuvvvvirriiiririeriiirrrrerrrrrresrrerereera...—.———————————————————————————————. 4-71
3.1 NELUIal RECOVEIY ...ttt ettt e e snne e e nnneeeas 4-71

3.2 FIUSNING ettt st ettt e e e s e e nab e e e e nte e e nnne e e nnneeeas 4-71
3.3 SedimEnt WashiNg......ccoouuieiiieeiie et e e e snnee s 4-71

RS o (1007 0 0o 1 €= o] o PO TP TROURRRI 4-72

R T =10 1= 11010 [T= (0] o F 4-72

I L a(e [ = (0] o 4-72
T S L o Y [0 T S o T (=T 4-73
1 Ol REIGLEA LITErAIUE.....uuvvvivviiiiiiiiiiiiiiiiiesiirasrsasssasesssearsreseaaasas.a..—.——————————————————————.———. 4-73
2 NON-0il REIGLEA LITEIALUNE.......uuvvveieriiiiiiiiriiiirriirrrrirerrrserrsreeaasae.a....——————————————————————————. 4-73
.3 COoSt Of RESTOratiON ACHIONS ....vvvvvuiriiiiiiiirriirirriiresarrarrrererer. ..——.——.————————————————————————————. 4-73
3.1 NELUIal RECOVEIY ...ttt sttt e et e e snne e e nnnee s 4-73

3.2 Sediment Removal/Replacement ..........oooiii i 4-74

RS TN =Y L0 1< 11010 [T= (0] o F 4-74

XX



TABLE OF CONTENTS (continued)

E e I AV a1 0 = =T ] 1 (o] P 4-75
e I I = o To: Q=T 11 (o] 1 o 4-75
4.2.9.2 Cobble-Gravel, Sand, and Silt-Mud BOttOM............cccooiiiiiiiiiiiieee e 4-75

1 Ol REIALEA LITErIUME......uvvveiviiiiiiiiiiiiiiiiiisiirasrsarsssreassssrareseaaasar.—..—.———————————————————.—..———. 4-75

2 NON-0il REIGLEA LITEIAIUNE.......uuvvveiriiiiiiiiiiiiiirrrirrriererrrarsrsseeaesae.—..—.——————————————————————————. 4-75

.3 CoSt Of RESTOratiON ACHIONS ....uvvvvviviiiiiiiieriirirrrerrrsrrerrrarerrrrr..——.—..————————————————————————.———. 4-76
3.1 NELUIal RECOVEIY ...ttt e et e e e e nnnee s 4-76

3.2 Dredging/Sediment REMOVAE .........cocciiiiiiiiiiie e 4-76

3.3 Streambed AGITAION. ........ooiiie e nree e 4-76
R (O I =" 1= ([ TSN = L0 1 (0] o 4-76
(O I T = (o o Q=T 1 o 1 4-76
4.2.10.2 Cobble-Gravel, Sand, and Silt-Mud BOttOM............ccooiiiiiiiiieeeeeeeeccireeeeeeeeee 4-77
1 Ol REIALEA LITErIUIE......uuveviiieiiiiiiiiiiiiisisirsiirassssrssasssssessasasaaaar...—.—————————————————————————. 4-77

2 NON-0il REGLEA LITEIAIUNE.......uvvuvieiieriiiiiriiriiiieirirrsiieerrrsrareserear—.—..————————————————————————. 4-77
2.3 Cost Of RESIOration ACLIONS........ccceiiiiiiieeeeeeeeeeeeeeeeeee ettt 4-77

2.3.1 NAUral RECOVENY ....couiiieiiiieeieee ettt ettt ettt e e snee e s neeeenes a4-77

2.3.2 Dredging/Sediment REMOVE ...........oooiiiiiiiiiie e 4-78

ARG RIS <o (1007 0| B OF= o] o] oo R PPRPR 4-78

4.3 Biological Natural ReSoUrce RESIOIELION ..........coiveieiiiieiiiee et 4-78

I S 0= [ 11 o TR 4-80

R = 1= o R 4-80
R I O | == P (= o L= = (U (= 4-81
4.3.2.2 NON-Oil REIGEA LItEIaIUI®........cceveiiiiiiiiiiiiieiiiieieeeeeeeeeeeeeseeeeeeeeeeseeeseseesseseeseseeeeeeseees 4-81
4.3.2.3 Cost Of RESEOIatiON ACLIONS......ccviiiiiiiiiiiieiiiiiieeeeeeeeeeeeeeeseeseeeeeeeseeeeesereererrreeeerreeeeees 4-83

L NBLUFAl RECOVEIY ..ottt ettt st e e e e e nneeeenes 4-83
2 RESIOCKING/REIOCALION. .......eeeeiiiie ittt e e e e enes 4-83
.3 Fishery Habitat Restoration and Enhancement ..............cccevieeiiiienniie e 4-99
4 Modification of Management PraCtiCeS..........oouiiieiiiiiiiiie e 4-101
.5 Habitat Protection and ACQUISITION .........cooiuiieiiiieeiiee et 4-101

G TR B = o] =S RPRURRROPI 4-101
4.3.3.1 Oll REGEH LILEIrAtUIE.....eeveeeeeeiiiiiieieieieieeeeeeeeeeeeseeeeeeseeeeesesesesssesssesessseessesssseeeeseees 4-101
4.3.3.2 NON-Oll REIGEA LITEIAIUIE........cevviiiiiiiieiiieiiieieeeeieeeeeeeeeeeeeseeseeeeeeeeeseeeseeseeeeseeeeeeeees 4-101
4.3.3.3 Cost Of RESEOIatioON ACLIONS......cevviiiiiiiiiiieeeeeeeiieieeeeeeeeeeeeeeeeseeeeeeeeeeeeeseeerereereeeeeeees 4-102

L NBEUFAl RECOVEIY ...ttt ettt ettt et e e e e sne e e nnee e enes 4-102
2 ResStOCKING/REPIBCEMENT ..o 4-102
.3 ProteCtiON Of NESE SIEES.....uuuuuiiiiiiiiiiiiiiiiiiiriirirrrrr e rara—.————————————————————————————————————. 4-104

XXi



TABLE OF CONTENTS (continued)

T = 1] o PSPPSR 4-104
4.3.4.1 Oil REGed LItEralUre.......cceeiiiiiieeeciiiie et e srae e e e saae e e e e e e ennes 4-104
4.3.4.2 Non-0il Related LItErature..........coooiiiiiie it 4-104
4.3.4.3 Estimated Costs of ReStOration ACLIONS.........c.eeeiiieeiiiie e 4-104

L NBEUFAl RECOVEIY ...ttt ettt st e et e e enne e e ennee e 4-105
2 ReStOCKING/REPIBCEMENT ......ooiiiii et e e 4-105
.3 Habitat Restoration and EnhanCement ...........oooeeeiiii e 4-105
4 Modification of Management PraCtiCeS..........ooiiiiiiieiiiie e 4-108
.5 Habitat Protection and ACQUISITION .........ccoiuiiiiiiieeiiee e 4-108

I V= 0.0 07 SO 4-108
4.3.5.1 Ol REGE LItEralUre.......cceeiiiiiieeeciiiie et e e e e saae e e e e e e ennes 4-108
4.3.5.2 Non-0il Related LItErature..........coooiiiiiee i 4-108
4.3.5.3 Estimated Cost of ReStOration ACONS ........ccceeeiiiieiiiee e 4-108

1 NBEUFAl RECOVEIY ..ottt ettt e e s e e e nne e e nnnee e 4-109
2 ResStOCKING/REPIBCEMENT ......ooiiiieieie et 4-109
.3 Habitat Restoration and EnhanCement ...........ooooeeeiiiiiiee e 4-109
4 Modification of Management PraCtiCesS..........oouiiiiiiiiiiiie e 4-109
.5 Habitat Protection and ACQUISITION .........ccoiuiieiiiieeiiee e e e 4-109
4.4 MONITONNG COSES ..oouttiiiitieeiiiie et ie et et e et s e e et e e s te e e e sse e e e ssbeeessbeeesnseeesnseeeanseeesnneas 4-111

XXii



TABLE OF CONTENTS (continued)

RESTORATION EVALUATION ..coiiiiiieeeeeeee ettt CHAPTER 5
LT RO Y= oV 1=V 2 51
5.1.1 QuantifiCation Of RECOVEIY ........oiiiiiiiiiie ettt e e 55
5.2 Habitat Restoration and MItIQatioN............coocuiiiiiiiiniie e 5-14
5.2.1 Estuarine and Marine@ WELIands..............coovvvviiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-15
I I S {11072 = (- 5-15
5.2.1.2 MaNGIOVE SWEBITID ...eeiteieeeaiiieeeeaitseeeaaieeeeeaasseeaeaassseaeaanseeeeaasnseeaeaanseneeeaannnneeeans 5-16
A A = (== 1 V1T (= A< 1 F= a0 5-17
5.2.2.1 EMErgent WELIANGS ........coeiiiiieiiiie et 5-17
5.2.2.2 SCrub-Shrub WELIANAS...........ooeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt 5-17
5.2.2.3 FOrested WELIANAS..........oooiieieeeeeeeeeeeeeeeeeeeeeeeeeeee ettt 5-17
5.2.2.4 BOGS AN FENS.....ooiiiieiiie et ne e 5-17
5.2.3 VEQEIAEU BOUS.......coiiiiiiiiie ettt e e nnn e nnea e 5-18
5.2.3.1 Macroagal Beds (Estuarine and Maring) ...........ccceeevueeiiierenieeenieeesiee s 5-18

1 Intertidal Macroalgal BE...........ooiiiiiiiiee e 5-18

A = T oI == o BSOS 5-18
5.2.3.2 SEAQIaSS BUS.......coiiiiiiiie e 5-18
5.2.3.3 Freshwater Aquatic Bed (Submerged and Floating Vegetation)..........ccccccvveevveennee. 5-18
5.2.4 MOIIUSC (OYSLEr) REEFS.... . 5-19
B5.2.5 COTal REESS ...ttt 5-19
5.2.6 Estuarine and Marine INtertidal............oooovviiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et 5-19
5.2.6.1 ROCKY SNOTES......ooiiiiiiiiiie ittt e et e e snb e e sns e e e snneeeanes 5-19
5.2.6.2 Cobble-Gravel BEACNES..........coooiiiiiieieieeeeeeeeeeeeeeeeeeeeeee ettt 5-20
5.2.6.3 SANU BEACNES ........ceiiiiiiiie et e e e e e aanes 5-20
5.2.6.4 Intertidal MU Flat........coooooiiieeeee e e 5-20
5.2.7 Estuarine and Marine SUBLIAaAl ............ooovviviiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-20
5.2.7.1 Subtidal ROCK BOOMS..........coiiiiiiiieieeeeeeeeeeeeeee ettt e e e e 5-20
5.2.7.2 Subtidal Cobble-Gravel, Sand, and Silt-Mud Bottoms............ccccocecvvvveeeeeeeeeeeenneee, 5-20
5.2.8 Riverine and Lacustring SNOTrEliNES ..........ooovvvviiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et 5-21
I < I T = (0 o QS 0] (=T 5-21
5.2.8.2 Cobble-Gravel SNOIES.........coooiiiieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt 5-21
I R IS 010 I 0o (- 5-21
5.2.8.4 SIIt-MUA SNOIES ...ttt 5-21

XXiii



TABLE OF CONTENTS (continued)

5.2.9 Riverine and Lacustrine Unvegetated BOttOM ..........coooiiieiiiiiiiiieeiee e 5-21
5.2.9.1 ROCK BOUEOM......eeiiiiiiieiiiie ettt e ettt st e e e e sase e e ssne e e enseeeenneeeanes 5-21
5.2.9.2 Cobble-Gravel BOtTOM ..........ooiiiiieiiie e 5-21
5.2.9.3 Sand and Silt-Mud BOtEOM..........eoiiiiiiiiie e 5-21

5.2.10 Monitoring of Habitat RECOVEIY ......cceeiiiiiiiiiiiecee e 5-22

5.3 BiologiCal POPUIGLIONS.......coiiiiiiiiieiiiie ettt sttt et e e enee e snae e e snseeesnneeeas 5-22
L ] N[O S SRR R-1

XXIV



TABLE OF CONTENTS (continued)

APPENDICES

AppPendix A OPA REQUIBLIONS.........coiiiiiiiiie et e s e s sae e e snnee e A-i
Appendix B Related GuIdanCe DOCUMENES ........coiuiiiiiiie i siiee e sree e e e e sneeas B
APPENTIX C CaSE HISIOMES. ... ittt ettt e e sba e e saee e e s nbe e e snneeesnneeeas C-i

XXV



Exhibit 1.1
Exhibit 1.2
Exhibit 1.3
Exhibit 1.4

Exhibit 2.1
Exhibit 2.2
Exhibit 2.3
Exhibit 2.4
Exhibit 2.5
Exhibit 2.6
Exhibit 2.7
Exhibit 2.8
Exhibit 2.9
Exhibit 2.10
Exhibit 2.11
Exhibit 2.12
Exhibit 2.13
Exhibit 2.14

Exhibit 2.15
Exhibit 2.16
Exhibit 2.17
Exhibit 2.18

Exhibit 2.19
Exhibit 2.20

LIST OF EXHIBITS

NRDA process under the OPA regulations...........cccuveieeeiiieeeniee e siee e 1-4
Habitat categories considered in restoration guidance...........ccoocveeerieeenieeenieenns 1-13
Restoration actions for each aternative...........cccooeeeiiiie e 1-14
Possible restoration actions that are evaluated for each habitat and

biological NALUral FESOUICE..........coiiieieiiie e 1-15
Simplified overview of restoration aCtions............coooueeeiieeenier e 2-2
Primary habitat restoration aCtioNS.............ceeeiiiieiiiiie e 2-4
Overview of technical feasibility of saltmarsh restoration............ccccoeceeeiieeenen. 2-12
Overview of technical feasibility of mangrove restoration ............ccceceeeveeeenen. 2-25
Overview of technical feasibility of freshwater marsh restoration........................ 2-34
Overview of technical feasibility of kelp bed restoration............ccceevceeeiiennnnen. 2-52
Overview of technical feasibility of seagrass restoration.............cccceevcveeevieeennnen. 2-58
Overview of technical feasibility of mollusc reef (oyster) restoration.................. 2-63
Overview of technical feasibility of coral reef restoration............ccceevcveeeiieennen. 2-71
Overview of technical feasibility of rocky shore restoration............cccceevveeennen. 2-76
Overview of technical feasibility of cobble-gravel shore restoration.................... 2-87
Overview of technical feasibility of sand shore restoration............ccocceeevieeeneen. 2-96
Overview of technical feasibility of mudflat restoration..............ccceevveeenieennne. 2-100
Overview of technical feasibility of subtidal estuarine and marine

FOCK DOtEOM rESLOTatiON. ... .eeeieeie e 2-104
Overview of technical feasibility of subtidal estuarine and marine

cobble-gravel, sand, and silt-mud bottom restoration.............cccceeecveveeiiciienen. 2-108
Overview of technical feasihility of riverine cobble-gravel, sand, and

Silt-mud DOttOM reStOration ..........cocueieiiiie e 2-125
Overview of technical feasibility of lacustrine cobble-gravel, sand,

and Silt-mud bOttOM reSLOralioN..........cooiueieiiiieeee e 2-130
Freshwater and marine fish species available from hatcheries.............cc.cc....... 2-138
Availahility of captive raised reptiles for restocking purposes..........coevcveeerveenns 2-151
Availahility of captive raised birds for restocking pUrpOSES.........cccceeerieeernnenns 2-155

XXVi



Exhibit 2.21
Exhibit 2.22
Exhibit 2.23
Exhibit 2.24
Exhibit 4.1
Exhibit 4.2
Exhibit 4.3
Exhibit 4.4
Exhibit 4.5
Exhibit 4.6
Exhibit 4.7
Exhibit 4.8

Exhibit 4.9
Exhibit 4.10

Exhibit 4.11

Exhibit 4.12

Exhibit 4.13

Exhibit 4.14

Exhibit 4.15

Exhibit 4.16

Exhibit 4.17

LIST OF EXHIBITS (continued)

Availahility of captive raised mammals for restocking purposes...........ccceeveee. 2-161
Replacement restoration aCtioNS..........c.ceoiieieiieee e 2-164
Range of federal agency roles potentially affecting implementation

Of rEStOration SIFALEQY .....eeeiveeeeiiie ettt 2-168
Focus of federa program roles potentially affecting implementation

(0 == (o] = 4 [0] o IF PSRRI 2-175
Reported labor requirements for saltmarsh planting ............cccoveeeieniiee e, 4-6
Reported costs for saltmarsh planting ............oocvveiiieiiiee e 4-8
Typical wetland Creation COSES.......cooiuiiiiiieeiiiee et 4-13
Reported costs for mangrove restoration ($/ha ($/m?) in mid-1992

(0[] | F= ) RS TR 4-16
Reported costs for kelp bed restoration for non-oil-related injury

(Bacre iNmMid-1992 dOIIArS) ......cceceereeieeeiecie e e 4-33
Reported costs for temperate seagrass (eelgrass) restoration ($/ha

($/) INMIA-1992 OIAIS) ...t 4-36
Reported costs for subtropical and tropical seagrass restoration

($/ha ($/MP) iN MId-1992 AOIAIS. .......eveeeeeeeeeceeeeeeee e, 4-37
Reported costs for mollusc (oyster) reef restoration ($/acre in mid-

RS20 (0] | F= ) TR URRRRPPRI 4-41
Reported costs for coral reef restoration ($/m” in mid-1992 dollars) .................. 4-44
Reported monitoring costs for coral reef restoration using coral

transplants ($/m” in Mid-1992 dOlArS) ..........cceevveeeevereeeeseereeseeeseseesee s 4-61
Reported costs for subtidal estuarine and marine cobble-gravel,

sand, and silt-mud bottom restoration ($/m® in mid-1992 dollars) ...................... 4-65
Reported costs for subtidal lacustrine restoration ($/m? in mid-1992

(0[] | F= ) TSR TR 4-79
Estimated costs of restocking various fish speciesin al U.S. Fish

and Wildlife Service regions (in mid-1992 dollars) ..........cccoeveereiieeincieeniieeee. 4-85
Estimated costs of restocking various fish speciesin U.S. Fish and

Wildlife Service Region 1 (in mid-1992 dollars).........cccceevveeiiiieeniieeiieeseeee 4-89
Estimated costs of restocking various fish speciesin U.S. Fish and

Wildlife Service Region 2 (in mid-1992 dollars).........cccceevveeiniieeniieenieeceeeee 4-90
Estimated costs of restocking various fish speciesin U.S. Fish and

Wildlife Service Region 3 (in mid-1992 dollars).........cccceevveeiiiiieiniieenieeseeee 4-91
Estimated costs of restocking various fish speciesin U.S. Fish and

Wildlife Service Region 4 (in mid-1992 dollars).........cccceevveeiriieeniieenieeceeee 4-93

XXVii



Exhibit 4.18
Exhibit 4.19
Exhibit 4.20
Exhibit 4.21
Exhibit 4.22
Exhibit 4.23
Exhibit 5.1

Exhibit 5.2
Exhibit 5.3

Exhibit 5.4

Exhibit 5.5

Exhibit 5.6

Exhibit 5.7

Exhibit 5.8

Exhibit 5.9

LIST OF EXHIBITS (continued)

Estimated costs of restocking various fish speciesin U.S. Fish and

Wildlife Service Region 5 (in mid-1992 dollars).........cccceevveeiniieeniieeneeeceee 4-95
Estimated costs of restocking various fish speciesin U.S. Fish and

Wildlife Service Region 6 (in mid-1992 dollars).........cccceevveeiniiieeniieeieee e 4-97
Estimated costs of artificial reef structures (in mid-1992 dollars) ..................... 4-100
Estimated costs of restocking reptiles (in mid-1992 dollars)...........cccvevveeennnen. 4-103
Estimated costs of restocking birds (in mid-1992 dollars) .........ccccoeeeeevieeenen. 4-106
Estimated costs of restocking mammals (in mid-1992 dollars) ..........ccccceeeneee. 4-110
Restoration actions for each alternative...........cccoveeeiiiee i 5-2
Process for recommending a restoration Strategy .........cveeeveeeereeeerieeesiee e 5-3

Concentration as a function of time of recovery: (a) = natural
recovery; (b) = increased removal and/or degradation rate
beginning at timet,; (c) = bulk removal of contaminant at time of

(=== o] = (o] N PRSP 5-6
Hypothetical linear relationship between percent loss (L) and

(o0] 070/ ¢ (7= o o I (4 IR USRS 5-8
Case where injury is near 100% loss and restoration increases the

FAEE OF FTECOVEIY ...ttt ettt st e e et e e e sab e e e snneeesnneeeas 5-9

Schematics showing cases where restoration will or will not reduce
the injury as measured by percent loss of services. Area A isthe
additional loss and area B is the gain resulting from performing the
restoration action. The times of events are: t; = time work on site
begins, t, = time work on site is completed, t; = time recovery is
99% complete assuming restoration action performed, t, = time
habitat is no longer toxic assuming no restoration action is
performed (i.e., assuming natural recovery). Restoration will not
reduce losses if the additional loss imposed by the action is greater
than the gain (upper graph, area A > area B). Restoration will
reduce the injury if the gains outweigh the losses (lower graph, area

N = ) ST 5-11
Estimated removal rates from Reed et al. (1989) and timesto
recovery when no contamination is present for several habitats.............cccoeeeeee. 5-12

Time to recovery to 99% of full function, assuming Cy,, = 0.1 ppm
Crmax = 100.0 ppm, d=0.001/day, C,=500 ppm, and the listed values

for the parameters k and trec CONtAMINGLION .......cocvviiiiiieiiee e 5-13
Decision diagram for restoration alternatives and actions for
saltmarsh and freshwater emergent wetlands.............cccovveeiiieeeniee e, 5-24

XXVili



Exhibit 5.10

Exhibit 5.11

Exhibit 5.12

Exhibit 5.13

Exhibit 5.14

Exhibit 5.15

Exhibit 5.16

Exhibit 5.17

Exhibit 5.18

Exhibit 5.19

Exhibit 5.20

Exhibit 5.21

Exhibit 5.22

Exhibit 5.23

LIST OF EXHIBITS (continued)

Decision diagram for restoration alternatives and actions for

saltmarsh and freshwater emergent wetlands where oil has not

penetrated the substrate and is not adhering to the substrate...........ccccocceeeeieenns
Decision diagram for restoration alternatives and actions for

saltmarsh and freshwater emergent wetlands where oil has not

penetrated but is adhering to the substrate (and so is not

FECOVEIAIE) ...ttt et s e e s nbe e e e nne e e ennee e
Decision diagram for restoration alternatives and actions for

saltmarsh and freshwater emergent wetlands where oil has

penetrated the SUDSLIALE............ceeiiiiiiee e e
Decision diagram for the restoration alternatives and actions for

mangrove swamps, freshwater scrub-shrub wetlands, and

freshwater forested Wetlands............ccuvvveiiiiii i
Decision diagram for the restoration alternatives and actions for

mangrove swamps, freshwater scrub-shrub wetlands and freshwater

forested wetlands, where oil has not penetrated the substrate and is

adhering tO the SUBSLIALE ........cooveieieeeceee s
Decision diagram for the restoration alternatives and actions for

mangrove swamps, freshwater scrub-shrub wetlands, and

freshwater forested wetlands where oil has penetrated the substrate

and/or isadhering to the SUDSIIate .........cccuvieeeiiiiiie e
Decision diagram for the restoration alternatives and actions for

freshwater DOgS anNd fENS.........coiiiiiie e
Decision diagram for the restoration alternatives and actions for

intertidal macroalgal DEAS...........cooiiiiiie s
Decision diagram for the restoration alternatives and actions for

Decision diagram for the restoration alternatives and actions for
freshwater aqUatiC DEAS...........ooiiii e
Decision diagram for the restoration alternatives and actions for
(0] (= G (= £ STR
Decision diagram for the restoration alternatives and actions for
(o0 = I €= SRR
Decision diagram for the restoration alternatives and actions for
estuarine, marine and freshwater rocky SNOres..........cccovveeiiiie e,

XXX



Exhibit 5.24

Exhibit 5.25

Exhibit 5.26

Exhibit 5.27

Exhibit 5.28
Exhibit 5.29
Exhibit 5.30
Exhibit 5.31
Exhibit 5.32
Exhibit 5.33
Exhibit 5.34
Exhibit 5.35
Exhibit 5.36
Exhibit 5.37
Exhibit 5.38
Exhibit 5.39
Exhibit 5.40
Exhibit 5.41
Exhibit 5.42

Exhibit 5.43

LIST OF EXHIBITS (continued)

Decision diagram for the restoration alternatives and actions for

estuarine, marine and freshwater cobble-gravel beaches...........cccooiiiiienn 5-39
Decision diagram for the restoration alternatives and actions for
estuarine, marine and freshwater sand beaches............ccooeviiiii i, 5-40

Decision diagram for the restoration alternatives and actions for
estuarine and marine intertidal mud flats and freshwater silt-mud

Decision diagram for the restoration alternatives and actions for
estuarine and marine subtidal cobble-gravel, sand and silt-mud

bottom, and freshwater sand and silt-mud bottomS...........occceriiiiiiiiiiiees 5-42
Decision diagram for the restoration aternatives and actions for-

freshwater cobble-gravel DOttOMS..........occeiiiiiiei e 5-43
Alternatives and actions for restoration of saltmarshes.............ccccceeeicviveceiinen. 5-44
Alternatives and actions for restoration of mangrove SWamps..........ccccceeevveennne. 5-46
Alternatives and actions for restoration of freshwater emergent

WELIANAS. ... e 5-47
Alternatives and actions for restoration of freshwater scrub-shrub

WELIANAS. ... e 5-49
Alternatives and actions for restoration of freshwater forested

WELIANAS (SWAITIPS) .. eveeeeieee ettt ee ettt ettt et e e e nt e sne e e e snte e e snneeennneas 5-50
Alternatives and actions for restoration of intertidal macroalgal

DEAS ... e e e e e e e e re e e aana e 5-51
Alternatives and actions for restoration of kelp beds...........ccooeiiiiiiiiinenne 5-52
Alternatives and actions for restoration of seagrassbeds...........cccocoveviiiiiiinnnne 5-53
Alternatives and actions for restoration of freshwater aquatic beds.................... 5-54
Alternatives and actions for restoration of oyster reefs.........ccocoeeevcieiiiineniieenne 5-55
Alternatives and actions for restoration of coral reefs..........cccoccveeeeiiciiee e, 5-56
Alternatives and actions for restoration of estuarine, marine and

freshwater FOCKY SNOTES.......c.eeiiiiie e 5-57
Alternatives and actions for restoration of estuarine, marine and

freshwater cobble-gravel beaches ... 5-58
Alternatives and actions for restoration of estuarine, marine and

freshwater SanNd DEACHES ..........cuviii e 5-59
Alternatives and actions for restoration of estuarine and marine

intertidal mud flats and freshwater Silt-mud ShOres...........coccvveeeiiiieee e, 5-60

XXX



Exhibit 5.44

Exhibit 5.45

Exhibit 5.46

LIST OF EXHIBITS (continued)

Alternatives and actions for restoration of estuarine, marine and

S 1 (= G 010 001110 1 ST 5-61
Alternatives and actions for restoration of estuarine and marine

subtidal cobble-gravel, sand and silt-mud bottoms, and freshwater

sand and SiIt-MUd DOLLOMS........coooiiiiieeeee, 5-62
Alternatives and actions for restoration of freshwater cobble-gravel

XXXi



ACKNOWLEDGEMENTS

In preparing this document, a number of people asked for and provided input, ideas and
review of various drafts. Severa people made particular effortsin providing information and
review, for which we are grateful. We would like to thank the following individuals for their

input:

Bart Baca
Edward C. Brown
Judith Buys
Debbie Carpenter
Dom Ciccone
Ellis J. Clairain, Jr.

Robert C. Clark, Jr.

Frank Csulak
Alyce Fritz
Stephen Garrity
Veronica Gilbert

Stephanie Gwin
Douglas Helton
Rebecca Hoff
BarbaraKleiss
Karen Klinge

Mary Landin
Judy Lantor
Donna Lawson

Scott Leibowitz
Sally Levings
John Lindsay
Marry Matta
Garry Mayer
Marisa Mazzotta
Chris Mebane
Jacqueline Michel
James Opaluch
Tim Osborn
William Patterson

Consultant
USACOE, WES, Vicksburg, Ml
Technical Information Specialist, USFWS L afayette, Louisiana

Chief, Technical Reference Unit, USACOE, Vicksburg, Mississippi

Refuge Manager, Anahuac Nationa Wildlife Refuge
USACOE, WES, Vicksburg, Ml
Restoration Center NW, NMFS, NOAA, Seattle, Washington
NOAA, Sandy Hook, New Jersey
NOAA, Seattle, Washington
Coastal Zone Analysis, Sopchoppy, Florida
Exxon Valdez Oil Spill Restoration Planning Work Group,
Anchorage, Alaska
ManTech Environmental Technology, Inc., Corvallis, Oregon
Damage Assessment Center, NOAA, Silver Spring, Maryland
NOAA HMRAD, Seattle, Washington
USACOE, WES, Vicksburg, Ml
Exxon Valdez Oil Spill Restoration Planning Work Group,
Anchorage, Alaska
USACOE, WES, Vicksburg, Ml
USF&WS, Olympia, Washington
Damage Assessment Center, NOAA, Silver Spring,
Maryland
EPA Wetlands Research Program, Corvallis, Oregon
Coastal Zone Analysis, Sopchoppy, Florida
NOAA
NOAA, HMRAD, Seattle, Washington
NMFS, NOAA
University of Rhode Island
NOAA, Seattle, Washington
Research Planning Inc., Columbia, S.C.

University of Rhode Island

Restoration Center, NMFS, NOAA, Silver Springs, Maryland
Office of Environmental Affairs, DOI, Boston, Mass.

XXXii



Sanford Rabinowitch

Rick Sayers
Ernest Seneca
Dan Smith
John Strand

Robert Stewart
Richard Sumner
Howard Teas
Gordon Thayer
Ray Thompson

JohnL. Trap
Jeff Underwood
Diane Wehner
Hans Williams

ACKNOWLEDGEMENTS (continued)

Exxon Vadez Oil Spill Restoration Planning Work Group and

Nationa Park Service, Anchorage, Alaska

USF&WS, Division of Fish and Wildlife Management Assistance

North Carolina State University

USACOE, WES, Vicksburg, Ml

Exxon Vadez Oil Spill Restoration Planning Work Group and

NOAA, Anchorage, Alaska

National Wetlands Research Center, Lafayette, Louisana

EPA Wetlands Research Program, Corvallis, Oregon

University of Miami

Restoration Center, NMFS, NOAA, Silver Springs, Maryland
Exxon Vadez Oil Spill Restoration Planning Work Group,

Anchorage, Alaska

USF&W Service, Office of Migratory Bird Management

USF&W Service, Washington, D.C.

NOAA

USACOE, WES, Vicksburg, Ml

We would particularly like to thank Eli Reinharz, project manager in NOAA's Damage
Assessment Center, for his efforts and support in this project, which both improved the quality
and generated enthusiasm in the product. We would also like to give our appreciation to Linda
Burlington of NOAA's Office of General Counsel Natural Resources for her valuable input.

We wish to thank our capable office staff at ASA and A.T. Kearney, for steadfast support
and timely response through the many incarnations of this documentation:

Liz Carpentieri
Donna Cusumano
Tyna Beckwith
Krista Grigg
Suzanne Pearman

XXXili



PREFACE

The goal of the Oil Pollution Act of 1990 (OPA) isto make the environment and public
whole for injuries to natural resources and natural resource services resulting from an incident
involving a discharge or substantial threat of a discharge of oil (incident). This goal is achieved
through returning injured natural resources and services to baseline and compensating for interim
losses of such natural resources and services through the restoration, rehabilitation, replacement
or acquisition of equivalent natural resources and/or services.

The NRDA regualtions supporting OPA provide a framework for conducting sound
natural resource damage assessments that achieve restoration under OPA. This document focuses
on the procedures that may be used to restore or replace natural resources injured as a result of an
oil spill incident. The information contained in this document may best be used in conjunction
with injury assessment and restoration plan development.
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